Here we present our first results of a study of the neutral hydrogen gas (Hi) in the southern spiral galaxy NGC253 with the Australia Telescope Compact Array. The relative proximity of NGC 253 makes it a very suitable object for detailed studies of large-scale, as well as nuclear, gas dynamics. Several peculiar features have been found. The Hi distribution is asymmetric in the outer regions, probably as a result of the strong warping of the spiral arms. A bar associated with the disc, clearly visible in the optical and near-infrared, also reveals its signature in the neutral hydrogen gas. Hi absorption measurements reveal unusual motions of the gas in the nuclear region which seem to indicate a fast-rotating ring of cold gas as well as outflow of gas. Similar features have been found in other starburst galaxies, such as M82, NGC 1808 and NGC 4945, and are interpreted in terms of bar-induced gas dynamics and star formation.
Introduction
NGC 253 is a nearby edge-on (inclination ~78°) galaxy and the brightest member of the Sculptor group. We adopt a distance of 3-4 Mpc. It is an active spiral galaxy, classified as Sc(s) by Sandage & Tammann (1987) and SXS5 by de Vaucouleurs et al. (1991) . Its nuclear region is particularly active, revealing numerous compact radio sources (Antonucci & Ulvestad 1988) , as well as bright optical (Pence 1981) and infrared emission lines (Forbes et al. 1993) . In addition to the compact radio sources, Carilli et al. (1992) also observed extended 20-cm continuum emission, extending over the whole disc. N G C 253 reveals two bars at different scales. The larger disc-hax has been detected in the nearinfrared (Scoville et al. 1985; Forbes & DePoy 1992) and optical (Pence 1980) , and extends 120" (i.e. ~2 kpc) from each side of the nucleus at a position angle of PA -68° (compared with an angle of ~53° for the major axis of the galaxy). The smaller nuclear-bar extends 20" (~330 pc) at PA = 64° and has been detected in CO emission (Canzian, Mundy & Scoville 1988) . Fabry-Perot H a d a t a (Pence 1981) reveal non-circular motions in the central disc which are possibly due to the disc-bar.
Various authors have also indicated the possibility of gas outflow into t h e halo, in H i (Combes, Gottesmann & Weliachew 1977; Dickey, Brinks & Puche 1992) ; in H a (Schulz & Wegner 1992 , and references therein); and in OH (Turner 1985) . Extended X-ray emission has been observed from the nuclear region (Fabbiano & Trinchieri 1984) and the disc (Pietsch 1994) . Puche, Carignan &; van Gorkom (1991) observed H i in N G C 253 with t h e VLA D-array. As they concentrated on a study of the whole Sculptor group, only half an hour was spent on NGC 253, leading to a noise level per channel of about 7 m J y b e a m -1 (~l -5 K) and a resolution of about 6 8 " x 4 2 " x 20-6 k m s _ 1 . We have obtained H i observations which provide both better sensitivity and much higher angular and velocity resolution, allowing a much more detailed study of the galaxy dynamics.
Observation and Data Reduction
The H i observations of the southern galaxy N G C 253 have been carried out with three configurations (750A, 1 • 5B, 6A) of the Australia Telescope Compact Array (ATCA) between 1993 August and 1994 March. In the same observing run we also obtained 13 cm radio continuum and polarisation maps, which will be published elsewhere. The total Peculiar Gas Dynamics in NGC 253 observing time was 3 x 12 h. We used a bandwidth of 8 MHz, split into 512 spectral-line channels. After Hanning smoothing, the velocity resolution was 6-6 k m s -1 .
The data reduction was done using the AIPS software package at the Australia Telescope National Facility (ATNF). After inspecting the integrated Hi profile, the line-free channel maps were averaged to form a narrowband continuum image. Using the task UVLSF, the continuum emission was subtracted in the uu-plane, leaving 71 channel maps with line emission. The data were then Fourier-transformed using 'natural weighting' and CLEANed (Hogbom 1974; Clark 1980) , yielding a beam size of about 30"; the noise level was about 1 mJybeam -1 .
Results and Discussion
Figure la Overall, the HI distribution shows similar features to the optical emission. The two spiral arms are very prominent, extending from the nuclear region, or possibly the ends of the disc-bar, into the outer disc for nearly a full rotation. The disc-bar, easily visible in the optical and near-infrared, is not strongly pronounced in HI at the current resolution. A careful study of the velocity field (see Figure lc) , in particular the deviations from circular motion, will reveal more details.
The integrated Hi distribution is asymmetric in the outer parts of the galaxy. The SW side, which also shows the peculiar optical extension, is much more extended than the NE side (see Figure lb in * The Digitized Sky Survey was produced by the Space Telescope Science Institute (STScI) and is based on photographic data from the UK Schmidt Telescope, the Royal Observatory Edinburgh, the UK Science and Engineering Research Council, and the Anglo-Australian Observatory. particular). This is probably due to asymmetric warping of the spiral arms in the outer regions of the galaxy. NGC 253 is then one of the rare cases where the warp is observed in both the optical and the Hi gas distribution. In Figure 2 we have added a few channel maps on each side of the galaxy spectrum to emphasise the warp of the spiral arms. Puche et al. (1991) also derive a severe warp of the outer gas layer (radius > 9') with a warping angle of about 15°.
The deep 'hole' at the centre of the HI distribution is caused by strong absorption of the Hi clouds in front of the nuclear continuum emission. The peculiar gas dynamics inferred from the broad range of velocities observed in HI absorption are discussed below.
The HI mean velocity field (Figure lc ) looks fairly regular, although deviations from circular motions are clearly visible in the nuclear region, along the minor axis and in the outer parts of the major axis. The last has already been explained in terms of a warp of the spiral arms against the disc. The inner deviations are possibly caused by streaming motions around the disc-bar and outflow of gas perpendicular to the disc. Figure 3 displays the major-axis position velocity diagram of NGC 253, which we have obtained at a position angle of 53°. The slice has a width of 44", obtained by averaging over several pixels. It shows Hi emission over a velocity range of about 6-468 k m s -1 , significantly larger than the velocity range of ~5 2 -3 5 6 k m s -1 covered by the absorption (see also Figure 4 ). All velocities are heliocentric. Whereas the emission shows a normal, rather flat rotation curve (with several distortions mainly caused by the warp), the broad velocity range of the absorption hints at very unusual nuclear gas kinematics. High-resolution maps of the nuclear region of NGC 253 reveal a shift of the central velocity in absorption over the face of the continuum emission, indicating a fast rotating nuclear ring of cold gas. Similar rings have been observed in M82 (Weliachew, Fomalont & Greisen 1984) , NGC 1808 (Koribalski, Dickey & Mebold 1993; Koribalski 1993) , and NGC 4945 (see e.g. Koornneef 1993; Whiteoak & Ott 1995) . These rings are strongly connected to the bars in these galaxies, which create inner and outer Lindblad resonances at which the gas accumulates.
Several other spectral lines have been detected in absorption against the nuclear radio sources. OH 1665 and 1667 MHz absorption lines cover a similar velocity range to the Hi absorption line (Av ~ 300 k m s -1 ) and also show a shift of their -24, -12, 12, 24, 40, 60, 80, 100, 120, 160, 200, 280 Right ascension (J2000) centre velocity over the face of the continuum (Turner 1985 ; see also Whiteoak & Gardner 1973 ), which we interpret as a fast-rotating nuclear ring or torus of cold gas. Surprisingly, Turner found that the OH satellite lines at 1612 and 1720 MHz show an event broader velocity range in emission and absorption (>400 k m s -1 ) , but no shift of the velocity centre. Therefore, if real, they must originate under different physical conditions of the gas. Gardner & Whiteoak (1974) The global Hi emission profile (Figure 4a ) of NGC 253 shows the typical double-horn shape of a regularly rotating spiral galaxy. A slight asymmetry is visible between both sides of the galaxy, with a higher peak flux as well as flux density on the SW side. However, the emission spectrum is strongly influenced by the absorption, which covers a velocity range nearly as large (see Figure 4b) . The highest peak fluxes are measured at about 65 and 430 km s -1 ; the mean velocities of those indicates a systemic velocity of ~2 4 7 k m s _ 1 . The centre velocity of the central absorption spectrum (Figure 4b ) is much lower, about 210 km s -1 , with the deepest absorption feature even further blueshifted (<200kms _ 1 ). The latter is also true for the main OH absorption lines at 1665 and 1667 MHz. The blue-shifted centre velocity of the Hi absorption with respect to the emission hints at gas outflow from the central region, which has already been noted by Dickey et al. (1992) .
